Type I Arnold-Chiari malformation (ACM) usually presents in adulthood and consists of a downward displacement of the cerebellar tonsils through the foramen magnum. A 25-year-old woman presented with a 5-month history of headache associated with blurred vision, tinnitus and sickness. Imaging recognised the need for surgical intervention, but whilst awaiting for surgery she fell pregnant. Considering the risks of neurological deterioration, the woman underwent surgical decompression of type I ACM at 15 weeks gestation. She subsequently presented with progressively worsening headaches during late pregnancy from 35 weeks. The obstetric plan was initially induction of labour at term but since the onset of worsening symptoms, this date was brought forward to 39 + 1 weeks gestation. She proceeded to have a normal delivery with no neonatal complications and an uneventful puerperium followed. Since the delivery, the patient reported fewer symptoms, showed no signs of neurological deficit and a repeat magnetic resonance imaging of the head showed good relief of neural compression. This case illustrates how judicious selection of the appropriate mode of delivery of women following surgically corrected ACM and a multidisciplinary approach is critical in the successful management of the antepartum period and labour.
Introduction
Arnold-Chiari malformation (ACM), types I to IV, refer to a group of congenital hindbrain anomalies affecting the cerebellum, medulla, upper cervical part of the spinal cord and the base of the skull [1] . These disorders can lead to altered craniospinal pressure and abnormal flow of cerebrospinal fluid.
ACM type I malformation is the most common but the least severe form of the spectrum [2] . Based on studies, the incidence of ACM type I remains unclear [3] . However, retrospective investigation of magnetic resonance imaging (MRI) of the head revealed that the prevalence may be as high as 1 in 1280 [4] . ACM type I is characterised by the prolapse of the cerebellar tonsils below the foramen magnum [5] . Patients with ACM type I are generally asymptomatic during childhood. It presents typically in adulthood with headache, pain in the neck and upper extremities and other neurological signs which are suggestive of raised intracranial pressure [1] [2] [6] . Type I ACM may also lead to the development of syringomyelia or spinal cord cavitation, which can lead to additional neurological problems [7] .
ACM type II is less common but more severe when compared to ACM type I and is almost invariably associated with myelomenigocoele [1] [2] . Dysfunction of brainstem and lower cranial nerve are the most serious features of this form [8] . ACM type III refers to herniation of cerebellum into a high cervical myelomeningocoele and type IV is cerebellar agenesis [9] . Types III and IV are exceedingly rare and generally incompatible with life. Therefore they are of scant clinical significance.
Special concern for young pregnant women affected by ACM type I is the safety of pregnancy and delivery owing to the significant potential maternal morbidity and mortality [10] . There are very few articles addressing pregnant women with ACM and the best management during delivery remains controversial. Careful selection of mode of delivery and use of anaesthetic of women following surgically corrected ACM is of paramount importance as this rare disorder is associated with the potential risk of brainstem herniation and spinal column compression during labour [9] .
We described a successful pregnancy outcome in a patient whose progressive symptoms were halted by surgical decompression of ACM in the second trimester of pregnancy.
Case
A 25-year-old gravida 4 para 3 woman, at 11 weeks gestational age, was referred to the Obstetric Team following the diagnosis of type 1 ACM. She first presented to the Neurology Team with a 5-month history of headache associated with blurred vision, tinnitus and sickness occurring at weekly intervals. She was otherwise fit and well.
Computed tomography (CT) and MRI of the head and spine were arranged and the results showed ACM type I with downward herniation of cerebellar tonsil of about 17 mm below the foramen magnum and mild thoracic syrinx (Figure 1) . The patient was referred to the Neurosurgical Team for consideration of surgical correction. Nevertheless, she found herself pregnant prior to the scheduled operation. As the patient would have reached her second trimester on the day of surgery, the multidisciplinary team agreed that the benefit of surgery outweighed operative and anaesthetic risks to the fetus. At 15 weeks gestation, she underwent foramen magnum decompression and C1 laminectomy.
There was significant improvement of her symptoms post-operatively. The patient had an uneventful second trimester. Fetal growth scans were all normal at 28 and 33 weeks gestation. The birth plan for the patient was to proceed with normal delivery at term since she had 3 previous uncomplicated normal vaginal deliveries with no other contra-indication identified in antenatal check-ups.
The patient started experiencing persistent headache at 35 weeks. There was no papilloedema or sign of raised intracranial pressure (ICP) noted on clinical examination. There was minimal benefit with analgesia. After discussion with the Neurosurgical and Anaesthetic teams, the patient was admitted at 39 weeks and 1 day for induction of labour using of intra-vaginal prostaglandin followed by amniotomy and a syntocinon infusion. The patient only required oral analgesia, pethidine injection and Entonox for pain relief. She had a normal vaginal delivery. Active management of third stage was carried out. She sustained a second degree tear with a minor post-partum haemorrhage (estimated blood loss of 900 ml). The tear was sutured under local anaesthesia. A live male infant of 3704 g was born in good condition. Following the delivery, the patient reported fewer episodes headache and there was no change in her neurological status. Four months following the delivery, repeat MRI was arranged and showed good relief of neural compression (Figure 2) . 
Discussion
Due to limited availability of review and literature on the obstetric and anaesthetic management of patients with type I ACM in pregnancy, considerable debates exist concerning the care of these patients [9] [10] . There is no standardised recommendation regarding the mode of delivery (normal vaginal delivery versus operative delivery) and the use of anaesthetic methods (regional as opposed to general) [11] .
Most publications revealed that patients with type I ACM (with or without surgical decompression) underwent planned Caesarean section owing to the increase in ICP during labour [12] . The peripartum care of these patients aims to reduce the risk of labour-induced stress and further increase in ICP caused by pushing in second stage [9] .
Patients with type I ACM delivered by vaginal operative delivery without maternal voluntary expulsive effort under epidural anesthesia have been reported [13] . No complication was documented during or after the delivery.
Spinal anaesthesia has also been safely used for patients who had surgical decompression of type I ACM [12] . It was believed that spinal anaesthesia could reduce the risk of toxicity caused by local anaesthetics and avoid cerebrospinal fluid (CSF) leakage during accidental puncture of the dura. In 2005, Mueller and Oro presented a case series of 7 patients with type I ACM who had uncomplicated pregnancy, labor and delivery [14] . Four women had vaginal delivery after surgical decompression. The remaining three patients delivered vaginally after diagnosis of ACM but prior to surgical correction. Three of the seven patients had epidural anesthesia for vaginal delivery and no complication was reported. Nevertheless, general anaesthesia would be more appropriate than regional anaesthesia in patients with signs of raised ICP as it can avoid secondary insult from hypotension and hypoxia due to CSF pressure fluctuation and ICP elevation [12] .
This patient reported is a multiparous woman with previous successful and uncomplicated normal vaginal deliveries. In spite of the increase in severity of headache in the third trimester, there was no concern regarding raised ICP following surgical decompression on clinical examination. Planned induction and vaginal delivery with close monitoring during labour was thought to be appropriate.
ACM type I is a rare neurological disorder with significant potential morbidity. Successful management of pregnant women presenting with ACM depends on individual assessment of risk factors and multidisciplinary approach [15] [16] . This case report emphasises early recognition of this rare, non-pregnancy related disorder and the importance of a multidisciplinary approach in the care and management of the pregnancy. An individualised delivery plan can be made with the input of the obstetrician, obstetric anaesthetist and neurosurgeon. Early recognition and treatment of type I ACM in pregnant women lead to good outcome and uncomplicated delivery in the majority of the patients.
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